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S u m m a r y :

Electrically conductive silver filled epoxy EC F-563 preform exhibit

intermittent switching to ‘high current carrying’ state under applied high

electric field (this phenomena occurs in the same materials which were

undergone switching to ‘high resistive’ state at lower applied voltages).

This behavior has been reported in the literature befc)re for a wide variety

of composites of metal particles in a backgrounci  of insulating media and

metal-insulator-metal junctions. The mechanism of “forming” is named

responsible for such a behavior. We believe that this switching is an

i n t r i n s i c  p r o p e r t y  o f  m e t a l - i n s u l a t o r  c o m p o s i t e s .  A n  a p p r o p r i a t e

microscopic picture of these compounds will be discussed together with

influence of boundaries and ‘the complications caused by presence of high

electric field coupled

m a t e r i a l  w i t h  a  w e

numerous.

with space charge. 1 he industrial applications of a

l -de f ined  sharp  thresholcj  sw i tch ing  vo l tage  a re

K e y  Words- intermittent switching, hybrid circuit reliability, silver filled conducting

epoxy preform, tunneling, fluctuation, trap centers, defects, surge arrest materials.

R e a d e r  A i d s -

Purpose: To describe observation of intermittent switching to ‘high current carrying’ state in

silver filled conductive epoxy preforms.

Results Useful To: Reliability Engineers concerned with die attach/hybrid circuits electrical

intermittancy problems.



INTRODUCTION:

In the first section of this paper [1], we described the observation of

intermittent switching to a ‘high resistive’ state in si lver f i l led epoxy

preform Ablefilm ECF-563 (Ablebond Co.) under applied high electric field.

We argued that this behavior is an intrinsic property of a composite of

metal particles in a background of insulating matrix. We further brought

the attention of our readers to the presence of defects in the insulator

surrounding the

represent space

ndividual  metal particles. Strongly localized defects can

charges which can generate high electric f ields in a

,’

direction opposing the current and capable of stopping it. We described

further that bulk of EC F-563 composite structure is covered with a thin

layer of  epoxy matr ix  on the sur face. I n j ec t i on  ancj  eject ion of c u r r e n t

between the contact pads and the bulk of epoxy is also subject to the

presence of defects. for a 0.003” thick sample of ECF-563 sandwiched

between 2 gold contacts, a threshold voltage of 0.4-1.9 V existed for

switching to a ‘high resistive’ state. A device based on this property

custom designed to a f ixed threshold vol tage can be used in wide

appl icat ions such as surge arrest  mater ia ls or  for  ESD protect ion of

sensitive electronics instruments.

In  con t inua t ion  o f  the  exper iments  repor ted

performed additional tests which will be discussed next

n [1], w e  h a v e



.“

EXPERIMENT:

ECF-563 preform sheet of 0.003” thickness was cut in a form of a

strip and laid down flat over two adjacent 50 ohm gold microstriplines.

These lines were fabricated on a A1203 substrate soldered on a copper

block within a fixture. The width of gold lines were 0.023” and the width

of EC F-563 strip was - 0.050”. The sample of ECF-563  epoxy was cured at

125o C for 2 hours. The fixture was made such that two coaxial connectors

can be mounted on the side walls with their center pins protruding through

the wall and soldered to the gold microstriplines.  Two-probe resist iv i ty

measurement of the sample was done with Keithley 237 instrument. Due

to the specific geometry described, current path is lateral within the bulk

of strip (-0.5” long) but perpendicular to the surface of epoxy at the

contacts. As the voltage increased, the I-V characteristic of the sample

starts to become nonlinear approximately at 60 V when its current quickly

reached 100 mA (our measurement limit). Figure 1 depicts the results of

this measurement in a log-log scale.

we have also looked at a similar sample under Tektronix 576 curve-

tracer (narrow-pulse operation mode) and a similar behavior was obtained.

The 2-probe resistance of the sample initially was >100 KQ. Nonlinearity

started immediately until at -80V when resistance dropped to <10 KQ and

continued to decrease (as seen in Fig. 2). The voltage across the sample
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was first decreased and then increased. This time resistance was 1,.6 KQ

(@ -40V) which continued to decrease at higher voltages. Photo 1 is a

representative of the behavior of this sample under continuous-sweep

operation mode of the curve-tracer. When high electric Po w e r s were

delivered to the EC F-563 sample, audible noises and visible arcs were

present on the surface of ECF-563.  Black streaks was later observed on

the surface of the sample indicative of carbonization. The arcing front

was originally closer to one of the electrodes and was slowly moving

toward the other electrode. High power finally causec~ the sample to open

up. In this communiaction, we will distinguish between the phenomena of

switching to ‘high current carrying’ state (reproducible) and dielectric

b r e a k d o w n - a r c i n g  (irreproducible and des t ruc t i ve) .  The  reproduc ib le

switching to ‘high current carrying’ state is the basis for surge arrest

material manufacturing industry.

We have observed that the resistance of a virgin ECF-563 preform

sample changes widely from sample to sample and it varies with each

test. Application of higher currents to EC F-563 continuously increases its

conduct iv i ty .

Two different behavior thus far have been observed: first, switching

to ‘high resistive’ state in samples of EC F-563 preform sandwiched

between gold contact  pads [1] ; second, swi tching to ‘h igh current



carrying’ state in strips of EC F-563. The behavior of the strip samples at

very high electric powers can be understood and associated with very high

e lec t r i c  f ie ld  b reakdown o f  insu la t ion  and a i r  be tween ne ighbor ing

metall ic islands. However  we are  concerned here  w i th  reproduc ib le

switching to ‘high current carrying’ state in composite materials. The

reported switching in the  s t r ip  samples  i s  oppos i te  to  the  ear l ie r

observation of switching to ‘high resitive’ state in EC F-563 samples [1].

One may suspect anisotropy of ECF-563 for this behavior; afterall, some

authors [2,3] have seen stratif ication of si lver f lakes in the vicinity of

surface of some silver f i l led epoxies. Photo 2 depicts the Secondary

Electron Scanning Electron Microscope image of the cross section of ECF-

563 preform in the vicinity of its contact with gold plated Kovar plate

( the sample is  descr ibed in [1])  This photograph reveals that  s i lver

particles are in variety of shapes and no stratification is observed near

the contact interface.
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DISCUSSION:

A thin layer of an insulator sandwiched between metal electrodes

frequently possess special electrical switching properties which at f irst

can be dismissed as dielectric breakdown. Actually the phenomena of

“forming” (reproducible change in electrical conductivity induced by a

high electric field) is different from the destructive dielectric breakdown

phenomena or arcing.

There are numerous art ic les in the l i terature on phenomena of

switching in metal-insulator-metal (MIM)  junctions (with thin insulators).

This subject was mostly considered during 60’s and 70’s and was covered

i n  r e v i e w  a r t i c l e s  [ 4 , 5 ] .  “ F o r m i n g ”  g o v e r n s  t h e  b e h a v i o r  o f  as-

manufactured MIM junctions exhibit ing switching and which do not

require electr ical  pretreatment (“e lectroforming”) .  The current-vol tage

c h a r a c t e r i s t i c s  o f  t h e s e  MIM j u n c t i o n s  e x h i b i t  S - t y p e  o r  N - t y p e

non l inear i t y  w i th  negat ive  d i f fe ren t ia l  res is tance  (NDR) behav io r  as

depicted in Figure 3. Table 1 is a non-exhaustive l ist of mechanisms

proposed in the l iterature for N-type or S-type instabil i t ies observed in

MIM systems. The most popular theory is carbonaceous filamentation and

its rupture indicative of S-type instability. There is no simplified theory

which can describe N-type instability. Although some physical evidances

for the fi lament formation are reported in l i terature e.g; v ia chemical



vapor decoration [1 1], a comprehensive microscopic theory governing both

S - t y p e  a n d  N - t y p e  p h e n o m e n a  i n  MIM junc t ions  i s  des i red .  Bo th

ins tab i l i t i es  have  been observed  in  var ie ty  o f  MIM junc t ions  and

composites of metal particles in an insulator background; metals vary

over a wide range (Ag, Al, Au, Pt, Si, Nb, Be, Mg, Cu, Zn, Ti, Cr, Mn, Fe, Co,

Ni, In, Zr, Sn, Pb, Bi, W) and insulators vary f rom polymers (styrene,

ace ty lene ,  analine)  to oxides (SiOX,  AlOX,  NbOX, TiOX,  CrOX,  VOX, TaOX, CUG,

MgO) and others (AINX,..  ). What is common among all these systems is

metal entit ies separated by a thin dielectric f i lm. The insulator f i lm is

undoubtedly far from an ideal pure dielectric. One can easily envision

presence of  defects, t raps  and  loca l i zed  cen te rs  in  the  d ie lec t r i c .

Polymers contain dangling bonds, broken chains, free radicals, spin and

charge defects, dopants, et. cet. . C)xides fabricated via fast and cheap

industrial processes possess well exhibited space charge [12] and are far

f rom single crysta l l ine oxides used in some of  MIM junct ion studies

mentioned before. In a typical system, electrons can transfer from one

metal entity to the other with variety of mechanisms. l-hese mechanisms

involve inelastic interaction of electrons with the defects present in the

d ie lec t r i c  mater ia l  and  there fo re  lead  to  excess  heat ing ,  runaway

phenomena, and dielectric breakdown.

A microscopic picture of conduction mechanism in thin disordered
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materials is developed in ref. [1 3]. The authors emphasize the role played

by deep localized trap centers in capturing the transit free carriers and

the importance of boundary conditions in determining carrier injection and

ejection. Reference 13 is our basis for the understanding of switching

phenomena observed in ECF-563 as reported in [1]. Space charge may be

developed quickly by transit electrons trapped in deep localization centers

and may completely block the current flow.

To understand switching to ‘high current carrying’ state, one needs

to dist inguish between this reproducible switching phenomena and a

destructive mechanism which may finally lead to dielectric breakdown,

arcing and carbonization.

A microscopic picture of switching to ‘high current carrying’ state

can be envisioned with the injection of free carriers from metal particles

and their free-flight through the thin dielectric material in between. Deep

local ized t raps can capture mobi le carr iers but  it wi l l  have minimum

effect if the t ime of f l ight through the dielectric is much less than the

time required by mobile charges to equilibrate with trap centers [14].

In order to tap on a reliable and reproducible switching mechanism

for industrial applications, one desires ~

metal entity to the next via quantum

f a b r i c a t i o n  o f  s u r g e  a r r e s t  materia

o have electron transfer from one

mechanical tunneling. Design and

s  w i t h  e x t e n d e d  l i f e  t i m e  f o r



industrial applications require knowledge of the true microscopic theory

for switching and an exhaustive and broad understanding of dielectrics,

metals, and their interfaces.



CONCLUSION:

We have observed switching to both ‘high  resistive’ and ‘high current

carrying’ state in the samples of EC F-563 preform with the gold contacts.

Microscopic observations have indicated presence of randomly shaped

silver particles embedded in an organic matrix which makes up the bulk of

the

ma

epoxy. There is also indication that there is a thin layer of epoxy

r ix  cover ing  the  bu lk  o f  s i l ve r  compos i te .  The  p ic tu re  we have

developed descr ibes the in ject ion and e jec t ion  o f  charges  be tween

electrodes and the composite and emphasizes the role of deep trap centers

capable of capturing free carriers. The space charge developed in between

metal entit ies can stop the current f low as evidenced by switching to

‘high resistive’ state. Most of fast free-flying carriers injected through

the thin dielctric  f i lm between metal entit ies can escape being captured

by deep traps and can lead to electr ical  swi tching to ‘h igh current

carrying’ state. Due to the

and defects in the insulator,

to heating and run-away pher

nelastic  interaction between transit carriers

this high current state will undoubtedly lead

omens. A ‘high current carrying’ state based

on quantum tunneling wil l eliminate heating and can lead to a stable

switching with applications as surge arrest materials.
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FIGURE CAPTIONS:

Figure 1- Current-vol tage character ist ic  of  a str ip sample  of EC F-563

( i n  l o g - l o g  s c a l e )  a s measured w i th  2 -probe techn ique

indicates switching to a ‘high current carrying’ state.

Figure 2- Current-voltage characteristic of a strip sample of ECF-563 as

measured with curve-tracer (narrow-pulse operat ion mode)

indicates switching to a ‘high current carrying’ state.

Photo 1- Current-voltage characteristic of a strip sample of ECF-563 as

captured by a camera from a curve-tracer (continuous sweep

operat ion) indicates switching to a ‘h igh current  carry ing’

state.

Photo 2- Secondary Electron Scanning Electron Microscope image of ECF-

563 preform and its contact with gold plated Kovar plate has

no evidence of stratification.

Figure 3- Drawing depicts S-type and N-type nonlinear current-voltage

character is t ics.

Table 1- Mechanisms proposed in literature to describe S- and N- type

instabi l i t ies in current-vol tage character is t ics o f  MIM

junctions and composite materials.
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OBSERVATION REF.MECHANISM OF NONLINEARITY TYPE PHYSICAL SYSTEM

51- ON state: formation of carbon filaments
OFF state: filament rupture by Joule heating

z- ON state: formation of carbon filaments
with large contact resistance
to the metal electrodes.

OFF state: filament rupture by Joule heating

s MIM

sandw ich

N

Au/NiO/Ni
junct ion

3- ON state: Formation of metal dendrites
OFF state: filament melting by Joule heating

s 6

4- Dielectric breakdown or arcing
(creation of plasma)

s

5- Electron inelastic scattering with charged
ions leading to heating

s

AYA&-CdS/A!

junct ion

6- Reki  ionization of traps s 7

7- oxidation of metal  electrodes in the area of

high electric field
N

Ta/Ta02/Au

junct ion

8- ON state: avalanche injection

OFF state: space-charge-limited current

s bistable switch

max. rep. 106 Hz

8

s Nb/Nb205/Pb

junct ion

99- ON state: traps ionized

OFF state: traps neutralized

10- ON state: filamentary double injection space-

charge limited currrent

s T i / T i 02/ C r

junct ion

stable oscillation

1-3 MHz ranae

o

Table 1


